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Commissioner for Patents 
PO Box 1450 

Alexandria, VA 22313-1450 
Dear Sirs: 

We. Wook-Yeon Hwang. Yong-Jin Ahn, Tatsuhlro Otsuka, and In-Sik Parte, the Applicants 
in the above identified patent application declare as follows: 

1 . On ^feK^W4^g^ we signed an invention disclosure form disclosing the Invention 
recited in the above Identified patent application. A copy of the Invention disclosure 
form, along with a statement that the translation of the invention disclosure fomn Is 
accurate, is attached hereto. 

2. On 9fkr46r^,^i^ , this invention disclosure fonm was fbnA^arded to the Paten Firm of 
YP, Lee, Mock & Partners, to be prepared and filed as a Korean Patent Application. 
A date stamp of receipt is shown on the invention disclosure fonm attached hereto. 

3. On October 3D, 2002, we filed Korean Patent Application No. 2002-66574. in the 
Korean Intellectual Property Office. A certified copy of the Korean Application No. 
2002-66574 was filed in the United States Patent Office, and was acknowledged in 
the Office Action (Paper No. 20060719) mailed July 26, 2006. An English 
translated copy of the certified priority document is attached hereto, along with a 
statement that the translation of the certified copy is accurate. 

4. Between the period of and October 30, 2002, we worthed on completing the 

application in cooperation with the Patent Firm of YP. Lee, Mock & Partners during 
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willful false statements and the like are punishable by fine and/or imprisonment, or both, under 
Section 1 001 of Title 18 of the United States Code, and that any such willful false statement may 
jeopardize the validity of this application or any patent resulting therefrom. 
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SPECIFICATION OF THE IN-SERVICE INVENTION 

[Title of the Invention] 

Method of Automatically Optimizing Recording Condition of an Optica! Disk 

5 

[Background of the Invention] 

Conventional optical disk recording optimization methods can be applied to 
only DVD-RAMs. However, the conventional optical disk recording optimization 
methods are limited to Nucleatlon dominant. Any recording, optimiratlon method 
10 based on a fast growth method, particularly, a next-generation high-density recording 
method was not yet developed. Accordingly, the present invention provides an 
optimization method for automatically optimizing a recording condition using both a 
conventional nucleation dominant method and a fast growth method. 

1 5 [Descriptton of the Related Art] 

(1) Drawing of the Related Art 
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FIG. A Method of Minimizing Phase Distortion 
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FIG. B Method of Minimizing Jitters 
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(2) Structure of the Related Art 

5 FIG. A: The method records data while varying recording power, compares 

the phase of a recorded pattern edge with the phase of a PLL clock edge when the 
data is reproduced, and determines an optimal recording power so that a difference 
between the phases becomes a predetermined value. Also, by reproducing data 
after recording the data in the format of a predetermined pattern consisting of 

10 combinations of marks and spaces, and classifying phase differences according to 
the respective combinations, a recording pulse width and power are determined. 

FIG. B: The method optimizes recording power using an asymmetry 
con-ection method, and shifts mark edges (that is, the first and final edges of a 
recording pulse) so that a jitter value is minimized. Also, the method is applied to a 

15 predetermined pattern consisting of a combination of marks and spaces. 

(3) Operation of the Related Art 

FIG. A: By comparing an amount of edge shifting of a recording mark with a 
recording pulse, extracting as an error pulse a phase difference between the amount 
20 of edge shifting and the recording pulse, and classifying and dividing error pulses 
into tables, using a combination of predetermined marks and spaces, a condition in 
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which the amount of shifting corresponding to each table is minimized is obtained 
and executed. 

FIG. A is a block diagram of a conventional apparatus for estimating the 
amount of phase distortion of recording data and clock signals. The conventional 

5 apparatus is divided into an analog part 10 and a digital part 20. In the analog part 
10, the amount of phase distortion between NRZI data 52 and a data clock signal 51 
is classified into "continue", "delay", or "bi-directional", using the NRZI data 52 as 
reooreling data, and a pulse width is converted into a voltage using an integrator 12. 
A converter 13 compares the phase difference voltage with a threshold value 14, and 

10 generates an error pulse if the phase difference voltage is greater than the threshold 
value. 

In the digital part 20, timing control 21 for calculation of one sector Is 
performed. A mark length disassembly unit 22 calculates the number of spaces 
and marks having a predetermined length, which exist in one sector. Then, a 

15 context & pattern unit 23 classifies a recording pattern into the length of a space 
beforB the con-esponding mark, the length of the corresponding mark, the length of a 
space after the corresponding mark, etc., and counts error pulses. Determining a 
recorcling condition using this method is used to search for a condition In which the 
number of error pulses for each component is minimized by recording and 

20 reproducing a specific pattern on a disk while varying power, pulse widths, or 
recording locations or while varying combinations of power, pulse widths, or 
recording locations. 

FIG. B: By classifying, recording, and then reproducing recording patterns, a 
25 pulse is shifted so that the jitters are minimized. 

(4) Problems of the Related Art 

Since the conventional technology has been optimized for a DVD -RAM 
(Nucleation dominant) type medium having relatively low cross-erase, among media 
30 allowing repeated recording, the conventional technology does not consider the 
influences of cross-erase caused when recording or cross-talk caused when 
reproducing after recording, by recording data on a track and optimizing recording 
power and a recording pattern. Particularly, the conventional technology has 
difficulties in ensuring the quality of recording when data is recorded at a high 
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density. Although a method of determining recording power using only an 
asymmetry value has been published, an optimal recording condition cannot be 
satisfied using only the method. 



[Detailed Description of the Invention] 
(1 ) Drawing of the Invention 
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FIG. 6 
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FIG. 8 
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FIG. 9 
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(2) Object of the Invention 

The present invention provides a method of automatically optimize a 
recording condition considering cross-erase when optical recording is performed, 
and corresponds to a recording method used for CD, DVD, HD-DVD, etc. 

The present Invention also provides a method of automatically optimizing a 
recording condition using a new recording pattern combination, in order to achieve 
circuit simplification and operating time reduction. 
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(3) Structure of the Invention 

FIG. 5 is a view for explaining a recording method which is used to record 
data on a HD-DVD rewritable disk. When optical recording is performed, in order to 
obtain stable recording quality, optimization for optical power and recording patterns 

5 is needed. Since the optimization for optical power and recording patterns depends 
on the characteristics of optical drives and recording mediums for recording and 
reproducing data, it is needed to automate the setting of the recording pattern and 
recording power illustrated in FIG. 5. Particularly, a method for minimizing a 
cross-erase phenomenon capable of being caused by recording at a high density, 

10 has to be considered. Accordingly, in order to achieve the above object, since 
optimization at a fast speed through a simple circuit stmcture Is needed, a riew test 
recording pattern combination having a recording/reproducing characteristic similar 
to an actual recording pattern Is required. In the current Invention, a recording 
pattern consisting of a combination of 2T and 5T is used for optimization. FIG. 4 

15 illustrates a phenomenon in which a cross-erase phenomenon is generated due to 
the influences of adjacent tracks when a recording pattern and optical power are not 
optimized, and the cross-erase phenomenon influences jitter values. FIG. 2 
Illustrates the relationship of random-pattern jitters, (2T+5T) pattern jitters, 
asymmetry, and 15 pp (the amplitude of a 5T RF signal) with respect to Pe (erase 

20 power) and Pw (recording power). As illustrated In FIG. 2, the random pattern and 
the 2T+5T pattern have the same recording/reproducing characteristic, the 15pp 
becomes a maximum value when the jitters are minimum, and at this time, the 
asymmetry value exists within a predetermined range. Accordingly, in the current 
embodiment, when Pe is determined, a value of a point at which a 15 pp vaiue is a 

25 maximum after a 2t-^5T combination pattern is recorded is set as an optimal Pe 
value. Since the recording power Pw has the same characteristic as that described 
above, recording and reproducing is performed while sequentially varying conditions 
of Pw and Pe (for example, Pw is fixed to 4 JMw and Pe is adjusted between 1 .5mW 
and 2.5mW), and then Pw and Pe at a time point where a 15 pp value is a maximum 

30 are set as optimal Pw and Pe. FIGS. 6 and 7 illustrates the relationship of Jitters, 
asymmetry, and 15 pp with respect to the changes of dTe and dTtop among four 
recording pattern components. As illustrated in FIG. 7, when dTop changes, 
asymmetry is a minimum at a time point where jitter is a minimum. Accordingly, 
dTtop can be determined when asymmetry is a minimum. Likewise, in FIG. 6, the 
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random pattern and the 2T+5T pattern have the same recording/reproducing 
characteristic. When jitter is a minimum, 1 5 pp is a maximum and asymmetry is 
also within a predetermined range. Accordingly, the die can be set. The 
remaining components Ttop and Tmp are set byjitter of the 2T+5T pattern. 

5 

(4) Operation of the Invention 

FIG. 1 illustrates an optical disc recording/reproducing apparatus according to 
the present invention. An optical disc 1 is recorded/reproduced by a pick-up & RF 
unit 2. First, a micom 8 performs power test recording (see FIG. 8), By setting 

10 standard Pw and Pe and providing a recording command to a WS & ARC unit, a 
2T+-5T combination pattern is successively recorded at three tracks on a test area of 
the optical disc 1. Then, a middle track among the three tracks is reproduced, a 15 
pp value Is obtained from an Envelope detection unit 5. and then, the obtained value 
and the Pw and Pe values are input to the micom 8. After the Pw and Pe values 

15 change sequentially (for example, Pw is fixed to 4.7Mv and Pe changes between 
1,5mW and 2.5mW), recording/reproducing Is performed as described above, the 
resultant value is compared with the 15 pp value input to the micom 8, and Pw and 
Pe values con-esponding to a maximum 15 PP are set as optimal power. After the 
optimal power is set, the micom 8 executes pattern test recording. FIG. 9 illustrates 

20 exemplary pattern test recording. First, after a standard pattern is detemilned, Ttop 
and Tmp are fixed to predetemnined values, and dTtop is set to a variable, so that a 
2T+5T pattern combination is recorded one time. By reproducing the recorded 
pattern, an asymmetry unit 7 transfers an asymmetry value and the pattern setting to 
the micom 8. As such, after recording/reproducing is performed while changing 

25 dTtop within a predetennined range, an asymmetry value is compared with the value 
input to the micom 8, and dTtop of when the resultant value is a minimum is set as 
an optimal dTtop. After dTtop is set, the same test recording as described above is 
applied to dTe, so that dTe of when 15 pp is a maximum is set as an optimal state. 
After the optimal dTtop and dTe are set and fixed, and recording/reproducing is 

30 performed while changing the optimal dTtop and dTe within a predetemnined range, 
a Jitter detection unit 7 obtains a minfmum jitter and determines the corresponding 
Ttop and Tmp as optimal values. 

(5) Effect of the Invention 
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Since the present invention automatically optimizes a recording condition 
considering cross-erase when optical recording is performed, the present invention 
can be effectively used for high-density recording. 

The present rnvention corresponds to CD-based, DVD-based, and 
5 HD"DVD-based recording methods. 

The present invention achieves circuit simplification and operating time 
reduction. 

Claims 

10 1 . A method of recording data on a writable optical disck, comprising: 

executing test recording using a predetermined recording pattern; and 
reading the data from a reproduction signal, and detemnlning a recording 
condition. 

1 5 2. The method of claim 1 , wherein, when an RLL(1 .7) code is used, a 

combination of 2T and 5T is used as a test recording pattern. 

3. The method of claim 2, further comprising: 
peribrming recording/reproducing and data reading when 

20 auto-recording/erase power is detenmined; 

recording/reproducing the data in/from a plurality of tracks when recording of 

the auto-recording/erase power is tested; and 

determining the recording/erase power as an amplitude of a reproducing 

signal. 

25 

4. The method of claim 2, further comprising: 

performing recording/reproducing and data reading when an auto-recording 
pattern is detemiined; 

performing recording/reproducing when recording of the predetermined 
30 recording pattern is tested; 

determining the predetermined recording pattern as an amplitude of the 
reproducing signal; 

determining the predetermined recording pattern as an amplitude of an 
asymmetry value; 
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determining the predetermined recording pattern as an amplitude of a jitter 
value; and 

detemnining the predetermined recording pattern as a combination of the 
recording pattern determining methods. 

5. The method of claim 1, wherein, when an RLL (2, 10) code is used, a 
combination of 3T and 5T is determined as the predetennlned recording pattern. 

6. The method of claim 5, further comprising: 
perfomning recording/reproducing and data reading when the 

auto-recording/erase power is determined; 

recording/reproducing the data in/from a plurality of tracks when recording of 
the auto-recording/erase power is tested; and 

determining the auto-recording/reproducing power as an amplitude of the 
reproducing signal. 

7. The method of claim 5, further comprising: 

performing recording/reproducing and data reading when the predetermined 
recording pattern is detennined; 

performing recording/reproducing when recording of the predetermined 
recording pattern is tested; 

determining the predetermined recording pattern as an amplitude of the 
reproducing signal; 

determining the predetermined recording pattern as an amplitude of an 
asymmetry value; 

determining the predetermined recording pattern as an amplitude of a jitter 
value; and 

determining the predetermined recording pattern as a combination of 
recording pattern determining methods. 

Drawings 

FIG. 1 1llustrates an exemplary optical disk recording/reproducing apparatus 
according to the present invention. 
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FIG. 2 IS a view for explaining an erase power determining method according 
to the present invention. 

FIG. 3 is a view for explaining a recording power determining method 
according to the present invention; 
5 FIG. 4 is a view for explaining jitter by cross erase according to the present 

invention. 

FIG. 5 illustrates components of a recording condition. 
FIG. 6 is a view for explaining a recording pattern detemiining method 
according to the present invention. 
10 FIG. 7 is a view for explaining a recording pattern detemnining method 

according to the present invention. 

FIG. 8 is a flowchart of a method of determining recording/erase power 
according to the present invention. 

FIG, 9 is a flowchart of a method of detemnining a recording pattern according 
15 to the present invention. 
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